Using Surface-enhanced Raman Spectroscopy for Label-free Semi-quantitative Detection of Proteins and Investigation of Adsorption Mechanism of Proteins on Ag Colloid Surface by 周 振 & Zhen Zhou
2011年度 博士論文要旨 
Using Surface-enhanced Raman Spectroscopy for 
Label-free Semi-quantitative Detection of Proteins and 
Investigation of Adsorption Mechanism of Proteins on Ag 
Colloid Surface  
関西学院大学大学院理工学研究科 
化学専攻 尾崎幸洋研究室 Zhen Zhou 
There are two main purposes of this study. One purpose is to develop a 
novel method for quantitative detection of proteins by use of 
surface-enhanced Raman scattering. Another purpose is to explore the 
adsorption mechanism of proteins on Ag colloid by use of 
surface-enhanced Raman scattering. 
In this work, a novel method developed for protein detection used 
through the studies of this thesis. A heat-induced SERS-sensing method 
was used to selectively enhance the peak at 1049 cm-1 originating from 
NO3
- for detection of proteins. A bell shape variation in the concentration 
dependent study was found, which can be used for semi-quantitative 
detection of proteins. The detection limit for lysozyme and insulin is 10-9 
M and 10-8 M, respectively. 
Effects of experimental parameters on SERS intensities of NO3
- and 
proteins by use of the SERS method established have been studied. The 
results have shown that strong SERS signal can be obtained at pH 4.0, 
using Ag colloid prepared with reduction time of 15 min (the average size 
of Ag nanoparticle is 56.5 nm), diluting prepared Ag colloid by a factor of 
2 by use of a 5 mM citrate buffer, using 6 mM NaNO3 and drying a 
sample at 100 °C, respectively. Based on the results, two possible 
mechanisms for proteins to form SERS hot-sites during the sample 
preparations are proposed. Samples prepared by the heat-induced SERS 
method are so stable that the samples prepared by this method can be 
used as a standard and transferred to different laboratories for direct 
comparison. On the basis of the result, possible adsorption mechanism of 
protein and electrolyte on Ag colloid are discussed. 
Furthermore, this study has investigated co-adsorption of NO3
- and 
lysozyme to Ag colloid by using the SERS method established. The result 
demonstrates that by using different experimental conditions, 
co-adsorption of lysozyme and NO3
- on Ag colloid and selective 
elimination of NO3
- adsorption can be obtained, respectively. The missing 
of NO3
- band on SERS spectrum suggests that competition adsorption 
between protein and electrolyte maybe exist in the present study. On the 
basis of the result, possible adsorption mechanism of protein and 
electrolyte on Ag colloid are discussed. 
Also, SERS of protein mixtures with a quantitative composition has 
been reported. 
 
